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case to be reported was by Schmidt-Rimpler in 1880; more convincing cases came in 1898 from Kastalsky and from Kimpel. The familial incidence of the affection was first noted independently by Schott and by Clausen in 1921, whilst in the present paper, a familial skeletal defect is reported in association with the familial occurrence of macular coloboma.
I.-Review of Literature
An analysis of the literature on coloboma of the macula is not facilitated by the rather loose way in which the term, itself unsatisfactory, is used. Many cases are clearly not congenital defects or not central in position; others are equally clearly cases of a different entity-traumatic macular holes, nondescript lesions of indefinite origin and even central choroiditis with heaped up exudate. A further number of cases had to be omitted from consideration as they are incompletely described (being generallv mentioned in transactions of societies); whilst a few had to be discarded for technical reasons, the original reports not being available. Reference to these discarded cases is made under a separate heading in the bibliography.
The sifted material left 21 cases of bilateral macular coloboma, 36 unilateral, 3 (and possibly 5) familial groups, and 16 cases having some bearing on the condition. 1. Bilateral coloboma.-Excluding the familial groups, which will be considered separately, 21 cases-11 male and 10 femaleare available. Low errors of refraction or emmetropia is recorded in many cases; high hypermetropia (right eye 12D., left eye liD.) was present in the case of Schmidt-Rimpler, high astigmatism (6OD.) in one case (Feilchenfeld) and high myopia in the cases of Kimpel, Car and of Clarke. Vision in the neighbourhood of 6/60 is the most frequent, but 6/24 and even 3/4 (Feilchenfeld) and 5/6 (Schmidt-Rimpler)are recorded. The presence ofcentral scotoma is noted by Kastalsky, Agaston and Shoji; that no central scotoma was present is reported by Schmidt-Rimpler, Kimpel, Van der Hoeve, and Oeller. The size of the macular coloboma was generally about 3D.D. by 3D.D. (disc diameters) or rather less, and excavation about 3D. A coloboma 9 by 10D.D. is recorded by Kimpel; absence of excavation is noted by Schmidt-Rimpler and Hoeg, whilst excavation of 7D. is reported by Shoji; excavation of 10D. in some parts of the coloboma is noted by Oeller. Eleven of the 21 cases had non-pigmented colobomata; the complete absence of pigment was, however, exceptional, as scattered fine pigment or streaks of pigment extending from the margin were generallv present. A varying degree of marked pigmentation was present CONGENITAL COLOBOMA OF THE MACULA in the remaining 10 cases. In most cases the margin was sharp and highly pigmented. The presence of varying amounts of choroidal vascularization is noted by practically all observers, short posterior ciliary vessels being noted by Kimpel, ? scleral vessels by Kastalsky, intact large choroidal vessels by Weeks.
Only three observers note the complete absence of vessels (Schmidt-Rimpler, Oeller and Lemke) . Practically all observers note the passing of retinal vessels over the coloboma; negative findings on this head are reported by Przybylska and by Dollfus. Outlying small colobomatous areas were observed by Lemke, and larger ones by Lindsay Johnson; an outlying patch of atrophy is noted by Oeller.
That there was no consanguinity is noted by Car and by Dollfus; a large head is noted by Hansell, microcephaly by Car, bad development of face by Clarke; mental deficiency was observed by Pierce; horizontal nystagmus under voluntary control by Shoji; pale discs by Hansell, Lemke and by Appleman; coloboma of the disc and atypical pupillary membrane by Oeller. Three further congenital defects were noted-a little finger shorter than normal was present in Car's case, undescended testes in Clarke's and "other congenital defects, including ears standing out " by Feilchenfeld. (Schmidt-Rimpler's case is included in this series rather as an act of piety towards the first case of bilateral coloboma described. It is doubtful whether a lesion without excavation can be regarded as coloboma; even if so regarded, the paramacular situation of the lesions, allowing for 5/6 vision in an affected eye, should really place this case amongst the group of unilateral coloboma with associated paramacular coloboma.) 2. Unilateral cases. Schmidt-Rimpler (1899) are illustrations of a unilateral lesion of this type, both with poor vision. Bilateral paramacular colobomata with full vision in each eye are reported by Lindsay Johnson (case 6) and by Sorsby, whose case showed latent nystagmus. In contrast to these cases in which the paramacular defect was situated temporally, there are the cases of Michaelson and Van Lint, in which a defect in the central area involved the optic nerve; these cases are only doubtfully cases of macular coloboma. A paramacular coloboma in one eye, and in the other eye two colobomata reminiscent of choroidal coloboma and situated above and below the disc respectively, is reported by Forsmark.
5. Wheel-figure type of macular coloboma.-The macular coloboma present in his case is thus described by Lister:
"At the macular region there is a large, sharply-defined, oval area, dark in the centre and white at the periphery. The latter is divided by pigmented bands, which pass from the centre to the margin. The centre ... and the pigmented bands are on the same level as the surrounding retina, whereas the peripheral white areas are deeply depressed."
Ten years earlier Lindsay Johnson had described and illustrated similar appearances in two cases (Nos. 2 and 11 of his series), whilst Clarke's case of bilateral coloboma is in many respects very similar. Seefelder's bilateral case, reported briefly, would appear to be of the same type: a central disciform area, white and excavated is surrounded by a brown margin, from which pigment striae spread out like the spokes of a wheel, and go towards a rim of pigment, itself the final margin of the coloboma.
These cases are of interest for comparison with the four cases reported by Deutschmann in 1920. Under the title " A peculiar, probably congenital lesion at the macula," he reports the presence of a wheel-figure, occurring once bilaterallv and three times unilaterally. In the first case theWassermann reaction waspositive, 70 group.bmj.com on October 20, 2017 -Published by http://bjo.bmj.com/ Downloaded from CONGENITAL COLOBOMA OF THE MACULA in the second there was suspicion of a tuberculous constitution; in the remaining two, no evidence of systemic disease. In all the four maldevelopinental lesions were present. Some excavation of the wheel-figure area was present in all the four cases, but Deutschmann says that the macular appearance "has nothing in common with the well-known picture of macular coloboma," and that the appearances seen are new to him. (He must have overlooked Lindsay Johnson's cases reported in 1890 and Lister's case in 1900.) Deutschmann argues that the lesion is caused by intra-uterine inflammation.
Whether these cases constitute a special type of macular coloboma cannot be said on the present evidence. At any rate, they constitute an interesting and easily recognized variety of pigmented coloboma, and Deutschmann's term of wheel-figure is not inapt. One such lesion is figured, but not described, by Hoeg (case 3). A wheel-figure also appears to have been present in one of Lederkarl's cases (No.. 2).
Comment on the clinical appearances of macular coloboma.-A perusal of the literature gives one little guidance by which an excavated lesion at the macula can be definitely diagnosed as a macular coloboma of congenital origin. The presence of pigment cannot be regarded as evidence of inflammation, as the familial cases show, and as is also borne out by the graduation between complete lack of pigment and massive proliferation. The presence of outlying white or pigmented areas is not conclusive proof of an inflammatory reaction, whilst excavation is not an absolute factor in favour of the congenital origin\of the lesion, for excavation may be quite mild in congenital cases and marked excavation may be present in areas atrophic from old inflammation. A rolled, sharp margin is, perhaps, the least unreliable of all signs. Whilst the earlier literature contains, in addition to reports on non-pigmented deeply excavated colobomata, many cases of excavated lesions that would now be regarded as frankly inflammatory, recent literature contains reports of pigmented colobomata in which excavation appears to have been a subsidiary feature.
Davenport's familial group, the mother's colobomata being flat and pigmented, and the son's less pigmented and more excavated, probably illustrates a genuine characteristic. The de-cision as to whether a given lesion is a congenital macular coloboma represents not a statement of fact, but a judgment on summed-up evidence.
6. Pathological Anatomy.-The literature contains seven histological reports, none of them free from objection, and none, barring the doubtful exception of Deyl's case (and ? Janku's case), referring to a case observed clinically.
(1) Bock (1885 (3) Van Duyse (1898) . In this case a cyclopean eye with two lateral (macular) colobomata forms the basis of the report.
(4) Parsons and Coats (1906) . In a female child there was observed at birth an orbital swelling which ultimately led to the death of the child after operation at 9 months. Clinically the right eye was smaller than the left and showed coloboma of the optic nerve, together with other fundus abnormalities " difficult to examine, and the interpretation ... also difficult." Post-mortem the orbital tumour proved to be an encephalocele, growing from a highly abnormal brain, whilst the eye defects consisted of (1) a cystic bulging on the nasal side of the disc; (2) a large coloboma of the nerve entrance, and (3) "a defect of pigment epithelium in the macular region corresponding with the white patch seen with the ophthalmoscope in this situation ;" the fovea itself was intact.
(5) Janku (1923 (1) Developmental failures.-One view was the attempt to link up macular coloboma with typical choroidal coloboma by assuming that the macula is developed in the choroidal cleft which by rotation comes to lie horizontally. Apart from the fact that embryologists no longer admit this theory of rotation, the existence of both macular coloboma and typical choroidal coloboma in the same eye (cases of Wood and of Horton) invalidates this argument.
Other embryological theories postulate localized failure in the neural ectoderm, or in the pigment layer, as also abnormal development of the mesoderm. Treacher Collins implicated localized absence of posterior ciliary vessels, thus regarding colobomata as localized choroideremia.
(2) Inflammation.-That some macular "colobomata" are of post-natal origin cannot be doubted. The tuberculous nature of some of these lesions has been demonstrated by Funccius, by Meisner and by Harrison Butler amongst others. It is argued that intra-uterine inflammation explains the others. Ida Mann holds the pigmented coloboma to represent irritative and the nonpigmented destructive lesions.
(3) Trauma.-Trauma is a factor in macular changes that are hardly distinguishable from colobomata. The cases of Lagrange and the illustrations in Wurdemann can be instanced. That birth injuries and haemorrhage are the cause was suggested by a number of observers.
(4) Naevus formation.-Lindsay Johnson held that atypical colobomata represent choroidal naevi in varying stages of shrinkage. The indented edge and lobulated appearance of some lesions he held to be evidence in support of thisview. As alreadymentioned Deyl held that the histological appearances in his case supported Johnson's theory. More recently this view has been upheld by Hoeg.
None of these theories is free from serious objection, Treacher Collins' view probably being the least unsatisfactory. The hereditary nature of macular coloboma militates against such factors as inflammation and trauma, whilst the failure to explain macular coloboma on a developmental basis raises the question whether it is possible to regard these colobomata as instances of arrested development. In this connection, the evidence of experimental embryology, bringing out the association of ocular and skeletal defect are of the utmost interest and will be cohsidered separately after the report on the cases of familial coloboma with skeletal abnormalities. The nails are either completely absent or are indicated by two grooves situated on either side of the centre of what is normally the nail bed. This appearance is seen throughout, except. that a badlv developed nail is present on the index finger of James' right hand.
(2) Abnormal appearance of the terminal part of the thumb and of the big toe. This ranges from a practically normal thumb, in the case of the mother and Elizabeth, to complete bifurcation of the thumb as in the case of Alfred. In all the patients the end of the big toe is wide.
(3) A uiniform skeletal defect as revealed by X-ray. Essentially the changes seen on X-ray are (1) tendency to diminution or actual suppression of the second phalanx of the little finger; (2) a tendency to bifurcation of the terminal phalanx of the thumb; (3) bifurcation in all but Alfred of the terminal phalanx of the big toe; (4) a tendency to considerable atrophy of the terminal phalanges of both hands and feet. In addition, Alfred's right foot shows complete suppression of the small toe (see .
(4) Bilateral pigmented macular coloboma. In size there is a general resemblance between these various lesions, being approximately 5 to 6 D.D. by 3 to 4 D.D. large, with the larger diameter horizontally placed. The margins of all the lesions are sharp and in contrast to the cases recorded in the literature there is no greater heaping up of pigment at the margin than in the centre. The degree of pigmentation varies considerably, though none of the lesions could be regarded as a non-pigmented coloboma. In the less pigmented lesions choroidal vessels could be seen. Retinal vessels are seen passing over all the colobomata. Excavation is variable from case to case and in the same lesion from place to place, generally being most marked in areas relatively free from pigment. All the colobomata thus show some degree of excavation and none of them an excavation more than two dioptres at any particular point. Whilst there is a strong family likeness throughout, the two colobomata in any given patient have a greater resemblance to each other than to the lesions in the other members of the family (Figs. 1-10 finger, but the finger is not completely fixed. Both index fingers are dwarfed and the skin folds are absent especially over joints. Both thumbs show a rudimentary supernumerary digit sprouting ulnarwards from the base of terminal phalanx. The right is larger than the left and neither has a nail bed. The terminal phalanx of each middle finger is held slightly flexed and deviated to radial side. Right foot: has four toes, the big toe is bulbous with no nail, but two small depressions on the tip; the first toe is longer than the rest and is held in hyper-extension. Left foot: has five toes, the 1st and 2nd are webbed up to the 1st phalanx. The big toe is bulbous, devoid of nail. The little toe is rudimentary and small and has no nail. The terminal phalanx of each big toe is held hyper-extended.
In both the upper and lower limbs. Elizabeth, the eldest, has worked as a laundress at a hospital since leaving school. Her general health is good, and her vision, though poor, is not sufficiently bad to prevent her from doing her work. The Matron of the hospital reports that Elizabeth's vision is probably poorer than she would lead people to believe.
Edward and Charles are in in good health and have been employed in a factory for the blind since leaving school.
All the three are of medium stature. The hands and feet of Elizabeth are very similar to those of her mother, so much so that the description given of the external appearance of the mother's limbs holds good for the daughter. The external appearances of the hands and feet of Edward and Charles reveal greater deformity, and correspond to the appearances shown radiographically. Nails are absent on the index fingers and big toes in all the three, only rudimentary nails in the form of two lateral grooves being present. The macular colobomata in Elizabeth (not pictured) are very similar to those in her mother.
5. Solitarv kidnev in one of the patients.-Three months after Edward was examined he was taken suddenly ill with influenza and died within 24 hours from purulent pericarditis and apical consolidation of the lungs, established post-mortem. In addition to the characteristic pathological findings, it was also discovered that the left kidney and suprarenal gland were absent. Unfortunately an eye could not be obtained for histological examination.
In view of the renal abnormality, Mrs. S. and James were submitted to uroselectan examination, but no renal abnormality could be found. Injection of uroselectan into Mrs. S. proved impossible by the ordinary methods on account of the smallness of her veins; injection had to be made after surgical exposure of the median cephalic vein.
6. The functional activity of the eyesc in the mother and affected sons.-All the patients reveal horizontal pendulum nystagmus, not of the same severity at the different times they were examined. There are no subjective sensations associated with it. There is no night-blindness; light sense and colour vision are good. The fields are full in the four sons, but in the case of the mother there is a large nasal defect hemianopic in extent in the right eye. There is no scotoma corresponding to the coloboma. generation of mice which had been exposed experimentally to X-radiation. These deformities implicated (1) the eye and fore-face; (2) foot and leg; (3) the length and colour of hair over a saddle area; and (4) the jaw. The jaw deformity was regarded as being inherent in the breed and not the result of the radiation.
These mice have now been bred over a large number of generations and many hundreds in number.
During the course of these investigations it was found that visceral abnormalities were also present-mainly defects of the kidney, varying from complete atrophy of one kidney, the congenital solitary kidney condition, to the complete absence of both kidneys. In a series of 1,817 autopsies it was found that blindness and various defects of the limbs-syndactylism, polydactylism and especially club foot-are closely in association with renal abnormality. The visceral abnormality, like the eye and foot abnormality, is recessive.
The eye abnormality has a wide range, involving abnormality of the lids from slight atrophy to complete absence, or of the globe itself from slight atrophy with or without corneal opacity to marked atrophy of the globe with clear cornea. The changes in the limbs are also of a widely varying character; from club foot with dorsal or with palmar flexion with or without distortion of the entire foot, to more localized lesions such syndactylism, hypodactily and polydactily.
From an examination of over 5,200 individuals, descendants to the nineteenth generation, abnormal development seems to resolve itself essentially to the triad of eye defect, kidney defect and limb defect, whilst a detailed analysis shows that "a tendency to eye defects and the loss of one or both kidneys is associated with polydactylism" (Bagg, 1929) . This polydactyly includes bifid first toes.
The causal origin of these defects is held by Bagg to be extensive haemorrhagic lesions present in the latter part of pregnancy. These haemorrhagic lesions have been found over the site of the abnormally developing eye and on the abnormally developing limbs. The haemorrhagic area develops from lymph stasis leading to a "well defined bleb, or blister-like area ... filled with a clear amber-coloured fluid. The next step ... is the escape of blood into the bleb, and in consequence, the formation of a welldefined haemorrhagic lesion" (Bagg, 1929) . Bonnevie extended these investigations and holds that cerebro-spinal fluid and not lymph is the original fluid in the blebs and that a primary excess of cerebro-spinal fluid is distributed into different areas of the body by mechanical forces-a thesis worked out with great detail and of great value in explaining the distribution of defects.
3. Macular coloboma a.s localized choroideremia.-This conception borrowed from Treacher Collins though it does not help to explain most of the essential features of macular colobomasuch as the presence or absence of pigment, to mention only oneis of value not only because it represents an actual ophthalmoscopic observation, but also for the reason that it helps to link central colobomata with colobomata situated elsewhere outside the choroidal cleft. Furthermore, the absence of a scotoma in some of the cases of macular coloboma is best explained by invoking a lesion which affects the retina only secondarily and to a variable degree. What evidence there is anatomically is also in favour, as far as it goes, of a primary choroidal affection. The presence of skeletal defect in cases of coloboma would also seem to point to the primary lesion being mesodermal in site rather than ectodermal, but it is possible to argue that the lesions are embryologically unrelated and linked by inheritance. Moreover, even if the macular coloboma is mesodermal in origin it does not follow that the blood supply is at fault. 
